The purpose of this study was to develop a reliable and valid Scientific Inquiry Abilities Test (SIAT) for practical and academic uses. Two hundred and thirty 10th, 11th, and 12th grade students in Taiwan provided answers used for item analysis and construct validity testing. The results were as follows: 1. The SIAT contains 27 items including five testlets; 2. The average of difficulty analysis was 0.74 and the average of discrimination analysis was 0.20; 3. The internal consistency was 0.629 and the scorer reliability coefficient was 0.964; 4. There were moderate correlations between all testlet scores and whole test scores (p = 0.000) with values ranging from 0.534 to 0.684; 5. The values for discriminant validity ranged from 0.158 to 0.323; and 6. High-achievement students out-performed their counterparts on the SIAT, and large effect sizes (ESs) were also found for all the testlets.
Introduction
The main goal of a science curriculum is to develop students' ability to ask relevant questions and enhance their understanding of inquiry, such that they develop their own scientific thought process, rather than just copying the thoughts and ideas of the scientists they study. This has already become the consensus of the international scientific education field (Abd-El-Khalick et al., 2004) . Accordingly, the subject of inquiry is of an urgent concern in science education presently. Hinrichsen and Jarrett (1999) had stressed that students needed to construct, design, conduct, analyze, and communicate their understanding, investigations, and findings. They also need to understand abstract ideas as well as rethink concepts, adapt and retry their own hypotheses, and engage in investigations and problem-solving efforts. Kuhn (2007) had pointed out that argumentation, explanations, model building, and experimentation were the principal approaches to teaching the scientific method. Meanwhile, Koslowski, Marasia, Chelenza, and Dublin (2008) had stressed that in actual scientific inquiry, people sought out explanations for happenings that arose from the covariate. In reality, an explanation becomes increasingly convincing when evidence that connects to that explanation increases. Since inquiry is a way to achieve and understand knowledge about the world, we need a more consistent view for teachers and researchers to follow when exploring related issues. According to the National Research Council (NRC) (1996) , basic characteristics of inquiry-based classrooms are:
1. Learners are allowed to invest in scientific problems; 2. Learners are given priority to develop and evaluate explanations and answers to scientific problems using evidence; 3. Learners use evidence to form explanations to answer scientific problems; 4. Learners evaluate their explanations based on other explanations reflected by scientific understanding; 5. Learners exchange and defend their explanations.
Of the above characteristics, Hung (2010) classified 1 and 2 as elements of "inquiry," described 3 as the element of "explanation," called 4 the element of "introspection," and posited 5 as the element of "exchange."
Hung also stated that characteristic 4 was related to learners evaluating their own explanations, thinking, and learning, which was related to the regulation of cognition. That is, students should explore, reflect, describe, ask, explain, test, and communicate when they are involved in inquiry.
Literature Review
In the last few years, several articles have been devoted to the study of scientific inquiry (Fradd & Lee, 1999; Ruiz-Primo & Furtak, 2007; Sandoval & Reiser, 2004; Schwarz, 2009) . For example, Fradd and Lee (1999) discussed the role of teachers in identifying effective approaches to scientific inquiry and illustrated differences in the ways that teachers perceived and engaged in scientific inquiry with diverse students. Ruiz-Primo and Furtak (2007) presented an eliciting, student response, recognizing, and using information (ESRU) cycle for examining practices based on eliciting, recognizing, and using information for formative assessments and scientific inquiry. They concluded that the ESRU cycle was a useful method for students with higher academic performance. Sandoval and Reiser (2004) identified a framework for scaffolding epistemic aspects of inquiry that can help students understand inquiry processes. Schwarz (2009) cultivated pre-service teachers' principled reasoning through modeling-centered scientific inquiry. The participants were most likely to advance their knowledge and practices through modeling-centered inquiry, provided they were given opportunities to unpack and apply reform-based instructional frameworks. To sum up the above viewpoints and findings, scientific inquiry can enhance students' learning outcomes and knowledge, improve the quality of science teaching, and be of great importance in science education. However, how to examine the effects of students' inquiry-related abilities? This was also an important issue, but none of the above studies really addressed this important consideration. We thought that an appropriate instrument for educators to measure related constructs was being imperative on account of this unaddressed issue, because while those previous studies were fruitful for understanding the teaching of scientific inquiry, they focused largely on collecting qualitative data. In other words, developing a suitable and useful test for assessing students' scientific inquiry abilities quantitatively has always been and continues to be a challenge for educators and teachers.
Previous literature shows that the evaluation process for scientific inquiry-related abilities must consider its content and evaluation method. In terms of the contents of scientific inquiry ability, some scholars believe that, from a scientific process perspective, advocating scientific inquiry ability involves a combination of a set of scientific process skills (Germann, Aram, & Burke, 1996; Keys & Bryan, 2001 ). Hung (2010) considered that, according to this perspective, students' performance in various scientific process skills should be evaluated. The question design often has nothing to do with the subject-related academic knowledge, different situations, and different scientific process skills are evaluated through different questions. Some scholars, based on the thinking strategies used in scientific inquiry, have advocated that scientific inquiry ability is a type scientific thinking skill (Ben-David & Zohar, 2009; Zion, Michalsky, & Mevarech, 2005) . Hung (2010) believed that, according to this perspective, a student's performance in a given inquiry task should be evaluated, and the question design should be relevant to the given subject knowledge and situation. Thus, various skills in scientific inquiry can be evaluated by the same question. However, we believe that scientific inquiry possesses both scientific process skills and scientific thinking skills. When students are conducting scientific inquiry, they must not only utilize relevant scientific procedure skills for problem-solving, but also use previously learned scientific knowledge to conduct scientific thinking. Thus, to test scientific inquiry ability, we must simultaneously test these two types of ability.
In addition, with regards to evaluating scientific inquiry abilities, there are multiple-choice questions, open-ended writing, and actual implementation types (Lawrenz, Huffman, & Welch, 2001 (Wenning, 2007) , while open-ended writing can evaluate various scientific inquiry abilities in the same situation (Zion, Michalsky, & Mevarech, 2005) . We believe that multiple-choice questions can provide students with limited clues and allow them to select the most appropriate answer from available options. Although writing answers for open-ended questions will be more time consuming, it will allow the students to freely write their own thoughts. This allows the teachers to truly understand students' scientific inquiry abilities. Each type of test has its own value. Therefore, according to the above description, we take into the scientific process account with scientific thinking skills to combine the advantages of multiple-choice and open-ended writing evaluations to develop a reliable and valid Scientific Inquiry Abilities Test (SIAT) for practical and academic uses. Scientific inquiry ability includes the following five elements: (a) identifying patterns and relationships; (b) science process skills; (c) argument and contradiction for competition theory; (d) inquiry and argument; and (e) competition theory and evidence. We used these elements to form the structure of the SIAT. In this study, difficulty analysis, discrimination analysis, discriminant validity analysis, and critical ratio testing were conducted. Furthermore, internal consistency reliability and scorer reliability were also analyzed to validate the SIAT.
Research Design Subjects
Two hundred and thirty 10th, 11th, and 12th graders were selected from two senior high schools in Kaohsiung in Taiwan to participate in item and construct validity testing. The subjects had learned about various relevant concepts, such as control variables, response variables, combustion, induction, the fact that light travels in a straight line, and so forth, in their science textbooks.
When students are using this evaluation tool for measuring, they need to utilize previously learned scientific knowledge to conduct thinking experiments. Therefore, there should be a high-correlation between their scientific academic achievement and their scientific inquiry ability measurement results. In other words, students with high science academic achievement should have high scores in the SIAT, whereas students with low science academic achievement should have low SIAT scores. That is why the participants are divided into two groups for testing the construct validity of the SIAT. The scores in the top, 25% are the high-achievement group, while those in the lowest, 25% are the low-achievement group. Consequently, there were 70 students identified as high-achievers and 67 students identified as low-achievers on the basis of the SIAT.
Instrument
The SIAT contains 27 items including five testlets. The questions are arranged from simple to difficult and in a hierarchical manner to prevent students from feeling frustrated when answering. Every testlet included a picture or an article about the problem situation, and after reading the directions, the participants answer the questions which are derived from the situation (see Appendix). The outline for the testlet is as follows:
The first testlet is called "amoeba," which includes two items to test the "identifying patterns and relationships" element (Lawson, 2010) . Since the amoeba's tail is outside the frame, the students must see the relationship between the tail and the frame to select the correct answer. The sub-score was 12. Five amoebas and six non-amoebas were provided by authors, and six pictures of creatures were presented. The students were asked to judge if the pictured creature was an amoeba or non-amoeba. For example, Item one: Look at the picture. Which one is an amoeba? Please explain your reasons.
The second testlet is called "seawater freezing," which includes nine items to test the "science process skills" element. Eight of the items used were published by Prentice (2000) , while the ninth item was designed by the authors. The sub-score was nine. The relevant procedural skills measured include: conclusions, hypotheses, observations, experiments, problem descriptions, data, variable manipulation, and responding variables. Nine explanations were provided and nine questions were asked in reply to these explanations. For example, Item one: According to the explanations, which one is the conclusion?
The third testlet is called "candle burning experiment," which includes five items to test the "argument and contradiction for competition theory" element. The testlet is based on the aforementioned paper by Lawson (2010) . The sub-score was 11. Two related theories were proposed as the explanation for a candle burning and the students were then asked to select the correct theory. Theory A involves scientific knowledge learned by students from textbooks: Combustion will consume the oxygen in the air and make the pressure in the glass smaller. Therefore, the water level in the glass will rise. However, the volume of the rising water level is different from the volume of oxygen consumed in the air. Theory B is the correct explanation: The air around the candlewick expands from the heat of the flame. The air covered by the glass is hot air. When the flame extinguishes, the temperature will drop, reducing the air pressure in the bottle. The atmospheric pressure will then push the water in the bottle. In the testlet, an experimental design and two competitive theories-theory A and theory B, are provided by scientist A and scientist B, and five questions are asked in reply to the explanations.
For example, Item two: How can you prove that theory B is wrong? Imagine that you are scientist A.
The fourth testlet is called "salmon returning home," which includes five items to test the "inquiry and argument" element. This testlet uses the narrative method to present itself (Lawson, 2010) , allowing students to conduct probabilistic thinking on real experimental data. To verify the relationship between the hypotheses and the evidence, students must select the correct option for the meaning of the subject. However, the question situation is slightly different from in the second question and involves a more advanced topic. The sub-score was eight. In the testlet, one experimental situation and some findings about "salmon returning home" were provided by the authors, and five questions were asked in reply to the findings. For example, Item five: Does the evidence support the biologist's hypothesis? Please explain your reasons.
The fifth testlet is called "competition theory," which includes six items to test the "competition theory and evidence" element. The vignette used is based on a paper by Osborn (2004) , and the student misconceptions mentioned in that study were used for descriptions of the questions. For example, if there is no light, we cannot see a thing, use diversified evidence for students to make and explain the reasons. The sub-score was 18. In the testlet, two competing theories which answered the question "How does light move forward?" were presented, along with five pieces of evidence and one conclusion to be judged according to the theories. 
Procedure and Data Analyses
This testing tool's testing time is approximately 50 minutes, accounting for one class. During the testing process, it was discovered that all the students could complete the entire tool within the allotted time. In addition, because the scope of scientific inquiry ability includes many different abilities to allow teachers to use this testing tool with more flexibility, individual sub-tests can also measure the independent ability, so teachers can decide whether to use the whole test or a given testlet. Because the whole test is designed for investigating students' scientific inquiry abilities, the higher the score they get, the stronger scientific inquiry abilities they possess.
The worse the score they get, the lower the scientific inquiry abilities they possess.
Difficulty analysis, discrimination analysis, internal consistency reliability, scorer reliability, discriminant validity, and critical ratio were tested for the validation of the SIAT. Furthermore, effect size (ES) is a name given to a family of indices that measure the magnitude of a treatment effect. Unlike significance tests, these indices are independent of a sample. According to Cohen (1988) , a D-value of 0.2 indicates only a small effect, 0.5 indicates a medium effect, and 0.8 or greater indicates a large effect. This means that if two groups' means do not differ by 0.2 standard deviations or more, the difference is trivial, even if it is statistically significant.
Data from initial responses to each question in the test were accumulated on a spreadsheet to develop the main categories. The two researchers independently performed a micro-analysis on test responses to identify patterns, and then translated these patterns into categories. The researchers then met to discuss differences in categories and grouping criteria. Through discussions, categories were added or discarded and groupings were modified, so that criteria reasonably similar were grouped together under one category. After meetings, consensus was reached and a coding scheme was established that fully satisfied both researchers. Under the appropriate category, a scoring mechanism was used to organize the explanations students provided for their responses.
For example, there are six options for students to select on the first question of testlet one. Each item is worth one point with a full score of six points. If their answer is the correct answer or if they did not pick the wrong answer, then they get one point. The correct answers are 1, 2, and 6, while the others are incorrect. For example, if the student's answers are 1, 2, and 6, then he/she can get six points. If the student's answers are 1, 2, 3, and 6, then he/she does not get a point for answer 3, because it is a wrong answer, meaning the student made an error in judgment. He/she would then get five points. If the student's answers are 2, 3, and 6, then two points will not count, because the student would have made two wrong choices. He/she will get four points. On the second question, there are three reasons for the relevant explanation: Amoebas have a flagellum (tail), spots, and eyes.
Writing a correct reason will earn two points. Thus, if students can write all the answers, then they can get six points. If students can write only one answer, then they only get two points. Coaley (2010) pointed out that if the p-value was high, then the item might be too easy. On the other hand, a very low-value indicates that the item may be too difficult. The mean item p-value of for a moderate difficulty level is about 0.5. National Education Goals Panel (2004) divided difficulty levels into equal quartiles, labeling the quartiles: "Easy," "Moderate," "Challenging," and "Very challenging." Consequently, the values for "Easy" were from 0.76 to 1, "Moderate" values were from 0.51 to 0.75, "Challenging" values were from 0.26 to 0.50, and "Very challenging" values were from 0 to 0.25. Difficulty and discrimination analysis results for the SIAT are indicated in Table 1 . Difficulty analysis meant using the correct ratio ( % 100   N R P ), while discrimination analysis involved sub-tracting the two difficulty levels (
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). The first question in the first testlet was encoded as Item 101. Accordingly, the second one in the first testlet was Item 102 and the third one in the third testlet was Item 303.
All values of difficulty analysis were from 0.006 to 0.996, and the average difficulty analysis value was 0.74. Difficulty analyses values for 11 questions were higher than 0.9, four questions were higher than 0.8, two questions were higher than 0.7, two questions were higher than 0.6, and three questions were higher than 0.5. In other words, there were 22 questions higher than 0.5 and only Item 206 was lower than 0.1. Because difficulty analyses values for these questions were higher than 0.5, they were easy to respond to for most students, while the value for Item 206 was 0.006, it may be harder for most students. Sixteen items (59%) were labeled as "Easy," six items (22%) as "Moderate," four items (15%) as "Challenging," and only one item (4%) as "Very challenging." This means that more than half of the participants could answer most questions on the SIAT, so whole items were appropriate for all participant ability levels.
All values of discrimination analysis were from 0.002 to 0.565 with the average value being 0.20. The D-values of 11 questions were higher than 0.2 and only nine questions were lower than 0.1. Coaley (2010) pointed out that that if the D-value was high and positive, then the item might discriminate between high-and low-scorers. In the present study, all the values were positive, revealing that discrimination analysis was suitable for differentiating between high-and low-levels. Mitchell and Jolley (2009) pointed out that an acceptable internal consistency value needed to be at least 0.7, not involve a measure with a Cronbach's alpha of 0.5, and that the scorer reliability coefficient should be from 0 to 1 with a score of around 0.9 being generally expected. The higher scorer reliability means that the measure will be objective and it puts a ceiling on overall test-retest reliability. In this study, estimates of the internal consistency reliability of the whole test calculated using Cronbach's alpha coefficient, were satisfactory for the samples. The internal consistency (α-reliability) was 0.629 and the scorer reliability coefficient was 0.964.
Although the 27 open-ended questions of the SIAT might be expected to impact the participants' replies, the value of Cronbach's alpha was still higher than 0.5, and the scorer reliability was higher than 0.9. In addition, another method used in construct validity testing is checking the extent of internal consistency by correlating specific sub-tests with the test's total score (Groth-Marnat, 2009 ). There were moderate correlations between all testlet scores and whole test scores (p = 0.000), with the values ranging from 0.534 to 0.684 (see Table 2 , the data in bold type). This means that homogeneity testing showed moderate values and that the testlet scores and whole test were homogeneous. In the views of Carducci (2009) and Groth-Marnat (2009), discriminate validity was the degree to which a measure was not too related to another measure. An unrelated measure would show low or negative correlations with variables that were not like it. Although the α-reliability coefficients confirmed that there was high internal consistency in this test, it was necessary to determine whether the testlets overlapped. There were low-correlations between testlet pairs (p = 0.000) with the values ranging from 0.158 to 0.323 (see Table 2 , the data in normal type). This means that the discriminate validity values are low-values and that the testlets measure distinct.
The critical ratio is an index number for discrimination. With independent-samples t-testing, the difference between the mean scores of the upper and lower groups should be significant. That means the items can be identified from the reaction of different subjects (Lin, Guo, & Tu, 2009) . Table 3 shows values for the independent-samples t-testing of high-and low-achievement participants with the SIAT questionnaire. On the first testlet, the mean of the high-group was 11.76 and the SD was 0.69, while the low-group's mean and SD were 8.90 and 3.10, respectively. The two student groups did show a significant difference (t = 7.39, p = 0.000).
On the second testlet, the high-group's mean was 5.64 and the SD was 1.42, while the low-group's mean and SD were 3.64 and 1.44, respectively. This showed a significant difference (t = 8.20, p = 0.000). On the third testlet, the high-group's mean was 6.31 and their SD was 1.36, while the the low-group's mean and SD were 3.46 and 1.48, respectively. There was a significant difference (t = 11.76, p = 0.000). On the fourth testlet, the high-group's mean was 5.63 and the SD was 1.24, while the low-group's mean and SD were 3.82 and 1.50,
respectively. There was a significant difference (t = 7.71, p = 0.000). On the fifth testlet, the high-group's mean was 11.96 and the SD was 1.75, while the low-group's mean and SD were 8.18 and 1.98, respectively. This revealed a significant difference (t = 11.86, p = 0.000). The D-values were from 1.29 to 2.03. For the whole test, the mean of the high-group was 41.30 and the SD was 1.94, while the low-group's mean and SD were 28.00 and 4.03, respectively. The student groups labeled by achievement for the SIAT did show a significant difference in their total SIAT scores (t = 24.45, p = 0.000), and the D-value was 4.24. This indicated that high-achievement students out-performed their counterparts on SIAT and all testlets with large ESs. That is, SIAT is valid for differentiating between high-and low-achievement levels. The Limitation of the Study However, one limitation of this study was the lack of measurement of other scientific inquiry abilities, because there are a variety of other scientific inquiry capabilities, such as experimental design abilities (Hinrichsen & Jarrett, 1999) and model building abilities (Kuhn, 2007) . However, this study aims to develop a mass measuring tool that can be used in classrooms and research. Therefore, in a limited testing time situation, not all scientific inquiry ability can be included. Only through the viewpoint of combining the scientific process skills and scientific thinking can certain important inquiry skills be tested, including the following: (a) identifying patterns and relationships; (b) science process skills; (c) argument and contradiction for competition theories; (d) inquiry and argument; and (e) competition theories and evidence.
Another limitation of this study was that although the multiple-choice method is easy to use, it can only provide limited answers for the students to choose from. This cannot cover all the ideas of the students. If students have other ideas, they have to give up their own original thought, because it was not provided in the choices and had to choose from the selection on the test tool. In addition, the study discovered after the testing that although open-ended questions allow students to express their own ideas, but students that are not good at expressing themselves, or are slow in writing, and therefore have difficulties in answering the questions. This resulted in some questions being left blank. So, when this type of situation occurs, the teacher can supplement interviews or implementation method, so the teacher may understand whether the blank answer part is due to not knowing the answer or due to difficulties in self expression. This will allow the science inquiry test results to be more complete.
Conclusions
Recently, science teachers and educators have agreed that inquiry should be taught, because inquiry ability helps students learn more about the world. Since students' inquiry abilities mostly comes from their learning results in science courses, the teacher can test students' inquiry abilities to understand whether their own teaching goals have been reached. This is a chance to use the results to reflect on their own teaching, and thus, improve their teaching methods and strategies. Therefore, investigating students' inquiry ability is not the only reason to develop a SIAT. Doing so will also assist teachers in teaching and educators in their research. It is important to note that creating an instrument for examining students' inquiry ability is both difficult and worthwhile.
However, from past-related literature, we found that most methods used to measure science inquiry ability tend to favor performance assessment. This requires more time for testing, but with limited teaching time, inconveniences will be caused for many teachers.
Moreover, most implementing situation can only provide a single question situation for the students to conduct inquiry. However, can this single situation test result be analogous to other problem situations? In other words, will the student show the same inquiry ability in other question situation as he/she did in this question?
Therefore, we hope to improve the difficulties and problems of past scientific inquiry ability test in this research.
Combining related theories and approaches, we created a quantitative instrument for testing scientific inquiry abilities of students in Taiwan; it helps to examine the extent to which some dimensions of scientific inquiry are consistent from a reform perspective. In this study, NRC's (1996) viewpoint was still used to assess inquiry ability using multiple-choice and open-ended questions. The conclusions are as follows:
First of all, the p-values for the 22 questions were higher than 0.5 according to difficulty analyses, and the mean item p-value was 0.74. The difficulties of the items were distributed as follows: Fifty-nine percent were labeled as "Easy," 22% as "Moderate," 15% as "Challenging," and only 4% as "Very challenging." In terms of discrimination analyses, the D-values for the 22 questions were from 0.015 to 0.565, and the mean item D-values was 0.20. We found that discrimination analyses were suitable for differentiating between high-and low-levels. Those results revealed that the SIAT has appropriate difficulty and discrimination analyses.
Secondly, the α-reliability coefficient confirmed that there was high internal consistency for the whole test:
the α-value was 0.629 and the scorer reliability coefficient was 0.964. In addition, there were moderate correlations between all the testlet scores and whole test scores with the values were from 0.534 to 0.684. The testlets also measured distinct for low-correlations existed between testlet pairs with values ranging from 0.158 to 0.323. This means that he discriminate and convergent validities of the SIAT were also found to be acceptable.
Finally, there were significant differences between the high-and low-achievement groups for the whole SIAT and all the testlets, with large ES indicated for all. The high-achievement students out-performed their counterparts on the SIAT. This revealed that the SIAT is valid for differentiating between high-and low-levels.
In summary, these results indicated that factor analysis, internal consistency, and discriminant validity were found to be acceptable, meaning that the SIAT has quality reliability and validity.
Appendix: Items of the SIAT First question: Amoeba
Which of the creatures numbered do you think is/are amoeba(s)? Please explain your reasons.
Second question: Seawater freezing
Read the following statements and answer the related questions:
1. A scientist wants to find out why seawater's freezing temperature is lower than that of freshwater.
2. The scientist entered the library and read information about the physical properties of the liquid.
The scientist also read articles associated with seawater.
The scientist went to the beach, observed the environmental conditions, and took notes of the taste of the seawater and the surrounding environmental factors, such as wind, waves, pressure, temperature, and humidity.
After collecting the above information and data, the scientist made this assumption: Because seawater contains salt, it has a lower freezing temperature than freshwater.
The scientist went back to the lab and conducted the following experiment:
In two separate beakers, the scientist injected 1L of freshwater.
He put 35 g of salt in one of the beakers.
The scientist placed these two beakers together in a -1 °C environment for 24 hours.
After 24 hours, the scientist checked the two beakers and found that the freshwater has frozen, but the saltwater is still liquid.
The scientist wrote in the notebook: This phenomenon shows that the saltwater has a lower freezing temperature than freshwater.
All the below organisms are amoebas.
All the below organisms are not amoebas.
Which of the below organisms are amoebas?
